THE chief basis for this paper consists of special clinical records compiled from October, 1914, to September, 1915, and again from early in 1917 to the present time, during the routine examination of men suffering from war injuries of peripheral and central nervous structures. Out of 2,000 individual case records there are 359 cases of secondary suture of peripheral nerves.
GENERAL CONSIDERATIONS.
THE chief basis for this paper consists of special clinical records compiled from October, 1914, to September, 1915, and  again from early in 1917 to the present time, during the routine examination of men suffering from war injuries of peripheral and central nervous structures. Out of 2,000 individual case records there are 359 cases of secondary suture of peripheral nerves.
Most of the injuries were caused by gunshot wounds and were associated with early septic infections, so that nerve suture was often impossible for a long time, and when performed, was hampered by the inevitable changes which had resulted from sepsis, often much loss of tissue, and subsequent repair by vascular or dense fibrous tissue. It will be realized at once that repair of peripheral nerves, and the recovery of function which followed, must have been very much easier and more complete in other circumstances, such as obtain in primary suture in a clean wound, where there is no loss of nerve substance. In any discussion of the results, the estimation of the time taken for recovery, and the consideration of the phenomena of regeneration, these surgical difficulties must be borne in mind. It would be unfair to compare the rate of recovery and the final results with those which follow a primary nerve suture in a healthy healing wound.
It is quite allowable, I think, to utilize a unique opportunity provided by the war for the study of phenomena wvhich arise in the regeneration period after nerve repair. The great value of the war cases is that they provide so many varieties of nerve injury, often multiple in the same limb, so that "overlap " areas can be estimated and some interesting facts concerning deep sensation come to light. One great disadvantage of the war injury case is that the damage is so often extensive, muscles, tendons and blood-vessels being involved as well as the nerves. The experiment is never an exact one, and the resulting phenomena in the recovery period cannot unhesitatingly be ascribed to the damage and restoration of a single structure. It would therefore be unprofitable to discuss the rate of regeneration after suture, except in very approximate and general terms.
The individual factors of sepsis, fibrosis, loss of main arteries, &c., all interfere with the formation of accurate estimates of the recovery rate in war-injured limbs. I propose to take a few selected records as examples and start from the zero of complete division. We shall then follow the phenomena of regeneration clinically by making re-examinations, until the seemingly final, but still imperfect, recovery is made.
I have formed the opinion that perfect restoration of all the functions subserved by a mixed nerve and its peripheral endings never happens after nerve suture.
I propose to omit discussion of current theories, because it is desirable to make this paper a record of personal experience.
METHODS OF EXAMINATION. Routine work made it impossible to treat the cases as individual research records, thougn a few were selected for special study. The technique for making the observations was simplified as much as possible, but was standardized so that the results MAY-NEUR. 1 of successive examinations were comparable. Such details as room temperature, and the temperature of the limbs (which sometimes were warmed to a constant temperature in a paraffin wax bath) we found most important. Physiological stimuli were used as far as possible (the details of our technique were published by Dr. Carter and myself in our first thousand cases, 1918 to 1919) .
For light touch, moving contact," we used a camel-hair brush with all its hairs except four removed; this formed a routine preliminary test for light touch on the skin. Single human hairs were used for more exact work. To obtain a standard " pin-prick " stimulus we used the spring algesiometer of Head and Holmes. For readings of pressure the algometer was put into use in special cases which were being closely investigated. Heat and cold were tested by means of a copper cylinder, to one end of which was fitted a one-millimetre square contact. The top of the cylinder was open so that hot water or ice could be used, and the cork at the top could be replaced with its thermometer. For muscle testing, we gave up our efforts to obtain exact readings by means of condenser discharges and the Keith Lucas spring contact breaker, and we returned to the ordinary faradic coil and constant current with a make-and-break key operated by hand. We found that the variable skin resistance made all attempts at exact electrical readings impossible of attainment.
Motor Recovery.-For the sake of brevity I propose to discuss this subject in a few words and to omit all mention of the various electrical phenomena observed, etc.
It was found that usually the proximal muscles recovered first and that motor nerve fibres seemed to find their way down to the distal muscles last of all. Marked inco-ordination was very commonly noticed in the recovery period, and much re-education of the muscles was essential to obtain the best functional resultsa.
Sensory Recovery.-The phenomena of sensory recovery I wish to introduce now by showing a typical record of a case. W. J. C., aged 25, shrapnel wounds, 17.1.17, in the back of the right thigh anc in the low part of the right forearm.
Admitted to Second Northern General Hospital at Leeds, 20.4.17.
When examined, May 2, 1917, he was found to have a complete paralysi--oQf t,he ri* sciatic nerve and also of the right ulnar nerve above the wrist, so that all the muscleg below the knee were paralysed, and all the ulnar muscles of the hand.
Mr. A. Richardson sutured both nerves on July 25, 1917; the sciatic was sutured aktor resection of fibrous bulbs from both the internal and external popliteal divisions. The ulnar nerve was exposed two inches above the wrist and one and a half inches of fibrous nerve removed before the ends were sutured.
Examined 18.1.18 (177 days after nerve suture), when some very early signs of recovery were noted. There was still the full area of loss to light touch in the ulnar area of the hand; the pin-prick area and qualitative sensory changes were as before. There was loss of sensation to deep pressure over all the phalanges on the dorsum of the hand, but on the palmar aspect the loss was limited to the terminal phalanx and the pulp of the little finger. There was complete loss of joint sensation in the interphalangeal joints of the little finger. Pressure over the metacarpal area, however, elicited a tingling sensation which was referred to the finger below. The earliest sign of recovery in the peripheral part was found to consist of a gradual diminution of the area of loss to deep pressure, the area first responding with a sensation as of a " deep bruise," then with a more diffuse tingling sensation which was referred usually towards the distal part of the still aniesthetic area to light touch and other skin stimulation.
This case is typical of many in our series. On re-examination 246 days after repair of the ulnar nerve some motor power was noted in the adductor pollicis and the flexor brevis pollicis; there was still a nearly full area of loss to light touch, but with deeper stimulation the whole area responded by radiating, tingling, and ill-localized sensations, except over the ulnar side of the rinig finger where loss to light touch persisted unchanged; no tingling sensation was felt in this area.
Cold spots were found, but appeared to respond with a sensation of tingling rather than with a true appreciation of cold; the sensation evoked seemed to consist of a compound experience which the subject found difficult to analyse and express in words.
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In 320 days there was appreciated over the whole ulnar area, except the dorsum of the little finger, a sensation when light touch was employed. Anything more than lightest touch caused the radiation and tingling reference sensations commonly called "protopathic when stimuli were applied to the affected area.
On July 8, 1919, nearly two years after the ulnar suture, all the muscles were workingstrongly and were easily stimulated by faradic current. The sensory loss in the ulnar area was qualitative only when compared with the corresponding skin on the sound side.
The spring algesiometer set at eight was appreciated as " sharp," tactile discrimination was good, localization was good, joint sense nearly as good as that on the sound side, and there was a complete disappearance of the radiating, tingling sensations noted earlier, so long as the skin was warm. Shaving the skin on the back of the hand did not impair the sensation more than a little, and it did not alter the quality of the sensation as far as the patient could tell, except that light touch was even less " ticklish " over the shaved skin than it had been before, and in comparison with the sound side the affected side was always less " ticklish ' than the skin on the intact limb. After chilling the skin superficially on a cold plate a return of the sensations of tingling and reference was noted. As the skin became warm again the normal sensation was restored. An experiment made on the sound side gave only a raised threshold for sensation without any of the abnormal tingling sensations experienced on the affected side.
After five years this case still remains in the same condition: a good functional result but.
with slightly impaired sensation-permanently, in all probability.
The sciatic nerve recovery was followed by a series of charts in the same manner to almost complete recovery, and the sensory changes were noted to be about the same in quality though recovery was necessarily a slower process.
In the case of the sciatic nerve, nearly two years were required for a functional result good enough to enable the man to walk well, but at this time the small muscles of the foot were still paralysed, and the foot was very defective in joint sensation; there were many tingling and reference sensations elicited on testing sensory function in the ordinary routine.
In a successful case in which a gap of three inches in the median nerve was, bridged by a length of internal cutaneotis nerve, progress was followed by motor and sensory charts. The operation was performed by Mr. Rowley Bristow at Shepherd's B;ish Hospital, February 3, 1917, and the patient was subsequently sent home to attend at the Northern General Hospital at Leeds. A year after operation definite power was noted in the flexor muscles on the front of the forearm (carpi radialis, palmaris longus, pronator teres). The patient was re-examined in November, 1918, and from then onwards made a very good recovery. He was able to flex the terminal phalanx of his thumb and to use the small muscles on the ball of the thumb. The sensory recovery was not perfect when he was examined at the end of the summer of 1922. There was still loss of sensation to light touch in the distal parts of the median fingers, and there was very pronounced radiation, tingling, and reference sensation when deeper stimuli than lightest touch was used.
CONCLUSIONS.
A complete summary of all the phenomena encountered during the recoveryperiod of peripheral nerves after suture is difficult and would be too discursive. Certain events only are emphasized here and are as follow:-
(1) The earliest sign of regeneration to appear in the nerve trunk, below thesuture level, is elicited by gently tapping upon the nerve, when a tingling, diffuse, uncomfortable sensation is experienced by the patient. As regeneration proceedsa this sign is obtained at progressively lower levels. It has been described as Tinel's sign because it was first described by J. Tinel in 1916 (Les Blessures des Nerfs, " fourmillement . . . traduit la pr6sence de cylindraxes jeunes en voie de r6g6neration"). An arrest of the down-growth of new nerve fibres is associated with a stationary level at which Tinel's sign can be elicited. We found this sign of great value when following cases of nerve recovery, but it cannot be relied upon exclusively, nor ought it to be dissociated from the full clinical examination of the other motor and sensory functions of the affected nerve.
(2) The early peripheral changes after suture were usually marked by improvement in the trophic appearances in the skin and circulation of the affected part. Physiotherapy may also have some share in the improved state of the skin shown in these cases.
(3) Following closely upon improved trophic changes we have a return of some deep sensation. The patients described these feelings as like " a deep bruise " when firm pressure is made over the soft parts which were formerly anssthetic to deep pressure. These sensations are earlier than the "tingle and reference " or "protopathic" sensations, and they are quite distinct in their quality as described by the patients. At this time the superficial parts are totally anesthetic. This constitutes a return of deep pressure pain.
(4) The sensations next in order to appear were those radiating, tingling and uncomfortable feelings elicited when the skin and deeper tissues were pressed upon, pricked, or scraped. These sensations persisted for many months until cutaneous sensation was restored so that light touch could be felt. When these abnormal sensations seemed to have disappeared they would still reappear if the skin were cold, or were specially chilled for testing purposes.
(5) The true "protopathic" skin sensations were next to appear. These were evoked by touching the hairs, or by stimulation with light touch. The threshold was still higher than that required to obtain responses from normal skin of the corresponding limb on the opposite side of the body. Cold, hot, and pain spots now definitely reappeared, but all sensation was of an abnormal character as yet.
(6) The next function to return was discrimination of posture in the joints and muscles of the digits which have been affected. This function remains very defective for many months, but returns gradually after the deep sensations are found to have returned.
(7) Next there was true sensation to light touch by hairs moved along the surface of unshaved skin, and then, later, even when the skin was shaved free from the projecting hairs on the area under examination. This restored sensation was free from tingling sensations and still imperfect ; the pafients described it as " Iess ticklish " than the skin in the unaffected side which was used for comparison.
(8) Lastly, there was more complete recovery of seniation 'of superficial touch, moving contact, and hairs used in punctate fashion; discriminating sensibility-warm and cool areas-and joint sensation was more perfect.
Complete restoration has not been observed in any case, in the sense that the sensation experienced is the same as that on the unaffected areas of skin used for comparison.
Certain general features were observed during recovery. The proximal muscles almost invariably recovered before those distally placed. Some muscle bundles seemed to recover before others in the same muscle. Electrical changes were variable, and the anomalous results were evidently due to the transition from denervated to enervated muscle. The more easily excited nervous tissue, as it was restored, anticipated the less excitable muscle, so that the character of the responses was altered because of this recovery.
Ana3sthetic areas on the skin seemed to diminish irregularly, but nearly always the more distal parts were the last to recover, as might be expected from the down growth of the nerve fibres. At the periphery three stages of recovery may be distinguished: (1) Deep sensation of pain to pressure without any feeling of radiation or reference, and without localization. The skin areas are devoid of sensation at this time.
(2) In the skin, a stage of radiation, reference and tingling where painful and unpleasant sensations of an abnormal kind predominated in the skin and deeper tissues. (" Protopathic " of Head.) Hair-clad skin and the use of coarser stimuli emphasize these sensations. (3) Tactile sensation recovery, progressing to something short of perfection, but characterized by a diminution of the radiating, tingling and reference sensations, and accompanying this is a restoration of discriminating sensibility in skin, joints and muscles.
Joint and muscle sensations seemed to be restored earlier when re-education exercises had been followed, so that all the delay in the reappearance of these functions cannot be ascribed to delayed regeneration of the nerves involved.
Observations upon thermal sensibility have been incomplete, owing to the difficulties encountered by thermal adaptability. Unless the skin was examined under ideal conditions, i.e., always at the same temperature, such varying results were obtained that we gave up the experiments as, owing to the press of routine work, the necessary time was not available.
Finally, as a result of my experience, I have formed the opinion that changes in the end-organs in the skin and deeper tissues hold the secrets of most of the phenomena encountered.
Differing, as they probably do, in their various recovery rates, some perhaps never being restored, and many connected after suture to heterogeneous pathways, we have a double source of error possible. If the distance receptors of our special senses can be specific in their selection of stimuli, why not the various end-organs on the surface of the skin ?
Varying excitabilities and interference effects are possible at the periphery. Dissociation of sensation is possible in the skin. The experiences related and certain histological findings, as yet incomplete, lead to the view that these varied phenomena of regeneration in the sensory nerves may be explained more completely by a full study of the endings rather than by an assumption that certain classes of nerve fibres exist which would modify the conducting pathway in the nervous svstem.
Curare in Man.
By RANYARD [5]), the various active principles isolated were classified according to the presence or absence of their peripheral effects. It was .considered unlikely that curare could have a useful place in medicine, in view of the undesirable nature of its action. Curare was indeed used in one or two desperate cases of hydrophobia and tetanus (Hunter [6]), when it was difficult to choose between paralysis and convulsions, but there appeared no place for it in normal therapeutics. It was not until the electrical properties of the nerve, nerve-ending and muscles came to be studied (Lucas [7]) that a differential action of this drug was discovered. Recently Bremer, Titeca and Van der Meiren in Brussels, and Hartridge and the author in London, recorded a selective removal of certain rigid conditions in the experimental animal. Bremer, Titeca and Van der Meiren [8, 9, 10, 11, 12] recorded a selective abolition of decerebrate rigidity and of local tetanus in the cat. Hartridge and the author [13] recorded a selective abolition of the tonic, clonic and fibrillary fits of dogs suffering from parathyroid tetany, and suggested a number of possible sites a lesion of which might produce this effect. What emerged from our work was that tetany in the dog could be abolished by a dose of curare which was only half of the minimum dose required to produce signs of paresis. A dog so treated would pass from the violent, continuous convulsions of tetany into an apparently normal state and would so remain for some hours.
At the time this work was undertaken, I was engaged in an investigation of the neurological mechanism involved in tetany, and the possible association of tetany with certain other diseases of the central nervous system suggested to me a trial of
